The neoplastic niche comprises complex interactions between multiple cell types and molecules requiring cell-cell signaling as well as local secretion. These niches are important for both the maintenance of cancer stem cells and the induction of neoplastic cells survival and proliferation. Each niche contains a population of tumor stem cells supported by a closely associated vascular bed comprising mesenchyme-derived cells and extracellular matrix. Targeting cancer stem cells and neoplastic niche may provide new therapies to eradicate tumors. Much progress has been very recently made in the understanding of the cellular and molecular interactions in the microenvironment of neoplastic niches. This review article provides an overview of the neoplastic niches in the bone marrow. In addition to highlighting recent advances in the field, we will also discuss components of the niche and their signaling pathways.
Introduction
Bone marrow microenvironment contains stem cells and other cells that are supported by hematopoietic and mesenchymal stem cells (MSCs). These cells can differentiate into several cell lineages (Table 1) . Osteoclasts and osteoblasts play important role in microenvironment destruction and construction (1). Osteoblasts derive from MSCs that play an important role in the construction of Osteoblastic/endosteal niches. Osteoblastic niches maintain hematopoietic stem cells (HSCs) in quiescence phase (2). Cancer initiating cells disrupt cell-cell and cell-matrix interactions in the bone marrow. Therefore, they can change intact niches into neoplastic niches. Therefore,the bone marrow microenvironment plays an important role in the fate determination of HSCs and MSCs in several biological process (including apoptosis, self-renewal, expansion and differentiation) (3, 4).
The factors secreted in niche including chemokines, cytokines and growth factors have significant effect on the other residing cells in the bone marrow. Induced signaling by these factors can affect the fate of stem cells and other cells (5, 6) . Therefore, knowing the effective mechanisms and molecules inducing neoplastic niche can help in targeted treatment of hematological diseases. Bone marrow is the main source of MSCs (p<0.05%). MSCs are mononuclear, adhering cells having the capacity for self-renewal, supporting hematopoiesis and the ability to differentiate into several cell lineages (e.g. chondrocytes, osteoblasts, adipocytes, dopaminergic neurons, astrocytes, tenocytes and endothelial cells) (7-10). They express specific and nonspecific surface markers (Table 2) . Also other identifying markers such as D7Fib, STRO-1 and SSEA exist on MSCs (11, 12) . MSCs are devoid of hematopoietic and endothelial markers (e.g. CD11b, CD14, CD31, CD45) and co-stimulatory markers (e.g. CD80 and CD81) (13). Rat MSCs express Thy-1 and c-Kit (stem cell markers), VWF (endothelial cells marker) and a-smooth muscle actin (smooth muscle cells marker) (14). MSCs secrete several biological factors such as anti-apoptotic factors [including vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), insulin-like growth factor (IGF-1), basic fibroblast growth factor (bFGF) and granulocyte/macrophage colony stimulating factor (GM-CSF)], immunomodulatory factors (including PGE2, TGF-β, IDO, iNOS anf LIF) and other factors including SCF, IL6, Angiopoietin-1, IL8 and SDF1/CXCL12, IL1, tumor necrosis factor-α (TNF-α) and bone morphogenetic proteins (BMPs) (15, 16 (22) . Insulin like growth factor-1 plays a role in overexpression of CXCR4, leading to the enhancement of SDF-1 induced MSCs migration (10). Also IGF1 has a role in the mesenchymal and osteoprogenitor cells recruitment and proliferation (23). MSCs exhibit the capacity to promote engraftment of CD34 + UCB cells in irradiated mice, because MSCs produce some essential hematopoietic growth factors(24). MSCs secrete dickkopf-1 (DKK-1), a Wnt signaling pathway antagonist. Wnt signaling plays a vital role in both the self-renewal and differentiation of stem cells (25). DKK-1 may act as an autocrine inhibitor. The differentiation of MSCs into osteoblastic lineage is regulated by the BMPs and Wnt signaling (26). MSCs express RUNX2, a transcription factor that is stimulated by FGFR2 signaling and is an essential transcription factor in osteoblastogenesis (27). Wnt signaling promotes the osteoblast differentiation and function. Former studies have shown that binding of FGF to FGFR2 results in the induction of Sox2 expression, and leads to blocking the osteoblastic differentiation of MSCs and Wnt signaling. This inhibition results from the interference of Sox2 with β-Catenin and numerous other Wnt target genes such as Wisp1, Wisp2, Dlx2, and msx2 (28, 29) . Overexpression of miR-200a in Mesenchymal-like c666-1 cells inhibits β-Catenin signaling (30). TLR2, TLR4, NOD1 and NOD2 genes are expressed in hUCB-MSCs. Both NLRs and TLRs may be involved in the osteogenic differentiation of MSCs because some TLR and NLR agonists increase osteogenic differentiation of hUCBMSCs (31). Transcription factors such as Cbfa1/RUNX2, Msx2, Dlx5 and SP7 are activated during the osteogenic differentiation of MSCs. Osteoblastic transcription factors induce the expression of bone-related marker genes including SPP1, COLIA1, SPARC and osteocalcin during the osteogenic differentiation (27). ERK phosphorylation is correlated with the osteogenic differentiation of MSCs (31). Notch maintains Mesenchymal precursor cells in an undifferentiated state. Notch1 overexpression under the control of the Prx1 enhancer induced Mesenchymal precursor cells proliferation and suppresses their differentiation (26). Peroxisome proliferator-activated receptor-gamma (PPAR-γ) is a key regulator of the adipogenesis whereas hedgehog signaling inhibits adipogenesis and induces osteoblastogenesis in MSCs. IL-1, TNF-α and noncanonical Wnt signaling pathway suppress the PPAR-γ function in MSCs (32). (47, 48) . Expression of the parathyroid hormone related protein (PTHrP) receptor in osteoblasts brings about increased numbers of osteoblasts to express high levels of J1 (48). Therefore, increased number of osteoblasts is accompanied with an increase in the number of HSCs, resulting in Notch1 activation in HSCs and following self-renewality of HSCs (48). These results show that J1-expressing osteoblasts regulate HSCs selfrenewality through Notch1 activation. However, Manicini et al. showed that HSCs self-renewality and differentiation are independent of Jagged1-dependent Notch signaling (49).
Normal and neoplastic niche
Bone microenvironment consists of different cells such as stromal (osteoblasts, adipocytes, fibroblasts and endothelial cells) and non-stromal cells. Osteoclasts and osteoblasts have vital role in bone remodeling and niche structure (50, 51). Osteoblasts by expressing and secreting some molecules and factors regulate maturation and proliferation of other bone marrow resident cells, respectively. Osteoblasts regulate HSCs quiescence through the activation of Tie-2/Ang-1 signaling pathway (52). N-cadherin, a cell adhesion molecule, is expressed in both the osteoblasts and HSCs, suggesting that binding of N-cadherin induces the adhesion of HSCs to the niche cells (53). Studies have demonstrated that N-cad expression is down-regulated by reactive oxygen species (ROS), resulting in the release of HSCs from the niche cells. Therefore, N-cad-mediated cell adhesion has an important role in the maintaining and mobilizing of HSCs in bone marrow (54). Osteoblasts regulate osteoclast maturation and proliferation by several factors such as RANKL (55). RANKL represents the essential osteoblastderived factor required for osteoclast formation and activation, and induces bone loss, whereas OPG blocks these effects and prevents bone resorption (56). OPG, a member of the tumor necrosis factor receptor (TNFR) superfamily, is secreted by osteoblastic lineage cells (57), and acts as a soluble receptor antagonist for RANKL (58). The expression of RANKL and OPG by osteoblastic lineage cells is modulated by a variety of osteotropic hormones and cytokines (56). PTH enhances osteoblast function and also increases osteoclasts activity via the PTH/PTHrP receptor-1. Strontium (Sr) enhances osteoblast activity but inhibits osteoclasts by calcium sensing receptor. Sr increases the expression of Runx2, which is an essential transcription factor for osteoblastogenesis (59). Normally, the stem cell niche maintains a balance between the quiescence and proliferation of stem cells (60). Wnt/beta-catenin growth promoting signals are counterbalanced by BMP anti-growth signals. If the dynamic balance is egregiously altered, then the dominant signalings such as Wnt/ beta-catenin activation or loss of BMP can lead to cancer formation within the hematopoietic, epidermal and gastrointestinal systems (61-63). VEGFR1-positive hematopoietic progenitors cells (HPCs) initiate the pre-metastatic niche cells. HPCs migrate from the niches within the bone marrow to the primary tumor neovasculature and pre-metastatic niche cells. Bone marrow-derived cells lie quiescent in the osteoblastic niche, but when activated, move to the vascular niche from where they egress and home to the periphery sites. At the primary tumor site, they are essential for stability of newly forming vessels, and at the premetastatic niche cells, angiogenic elements are required for the establishment of metastatic lesion. VEGFR1-positive HPC form clusters in these sites prior to the arrival of tumor cells (64). Cancer stem cells (CSCs) in bone marrow reside in both the vascular and osteoblastic niches. In the vascular niche, cross-talk occurs between the CSCs and endothelial cells, while in the osteoblastic niche, CSCs interact with both the osteoclasts and osteoblasts. Within both niches, MSCs influence tumor growth and CSCs inhibit normal HSCs. Bone marrow microenvironment plays a primary role in the hematologic malignancy pathophysiology, and recent evidence indicates that numbers of cytokines such as leptin in multiple myeloma enhance tumor cells growth in bone marrow microenvironment (65).
Conclusion
Normal stem cells (NSCs) and CSCs are vital in tissue maintenance and malignant progression, respectively. The normal and neoplastic niches in which these cells reside play an indispensible role in NSCs and CSCs survival, proliferation, and differentiation. While the niches are each unique, there are many pathways and processes that appear to be conserved among these microenvironments. The interaction of the CSCs and the niche is a promising therapeutic target, and several drugs that affect neoplastic niche cross-talk are currently being investigated in clinical trials. Additional research is needed to further understand this complex neoplastic niche in order to fully realize the potential of this unique therapeutic target.
